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Introduction

For more than 150 years, the presence of Bence
Jones protein [immunoglobulin free light chains
(FLCs)] in the urine has been an important diagnostic
marker for multiple myeloma. Indeed, it was the first
cancer test, and 100 years before any others (1).

Development of serum tests for free k and free l has
opened the door to new applications and increased
their clinical importance (2). 

Antibody molecules are composed of two iden-
tical heavy chains and two identical light chains.
There are two types of light chains, k and l. Any gi-
ven antibody molecule has either type of light chain,
but never both. The variable domains of each light

UDK 577.1 : 61                                                                                                    ISSN 1452-8258

JMB 26: 269–273, 2007 Original paper  
Originalni nau~ni rad

THE IMPORTANCE OF FREE LIGHT CHAINS OF IMMUNOGLOBULINS 
DETERMINATION IN SERUM

ZNA^AJ ODRE\IVANJA SLOBODNIH LAKIH LANACA IMUNOGLOBULINA U SERUMU

Velibor ^abarkapa, Zoran Sto{i}, Mirjana \eri}, Ljiljana Vu~urevi}-Risti}, Mirjana Drlja~a 

Institute of Laboratory Medicine, Clinical Centre of Vojvodina, Novi Sad, Serbia

Summary: For many years, Bence Jones proteinuria has
been an important diagnostic marker for multiple myeloma.
Relatively new serum tests for free kappa and free lambda
light chains of immunoglobulins reflect the production of
free light chains more accurately than urine tests. In this
study, we examined the value of serum free light chains
measurement in the diagnosis of some neoplastic diseases
and the discrepance between the findings of serum protein
electrophoresis and serum free light chains. Thirty one pa-
tients (f=19, m=12) were included in the study, most of
them with blood malignant diseases. The results show that
in six patients with normal gamma and beta electrophoresis
fractions there are abnormal levels of free light chains
and/or an abnormal k/l ratio. In 20 patients we found an
abnormal k/l ratio, and in 21 patients we found an abnor-
mal k or l level, or both. The obtained results show the
important role of serum free light chains determination in
identifying patients with monoclonal gammopathies. 
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Kratak sadr`aj: Bence Jones proteinurija se ve} dugo
upotrebljava kao va`an marker u dijagnostici multiplog
mijeloma. Relativno novi serumski testovi za odre|ivanje slo-
bodnih k i l lakih lanaca imunoglobulina bolje reflektuju
produkciju lakih lanaca od urinskih testova. U ovoj studiji
ispitivali smo zna~aj odre|ivanja slobodnih lakih lanaca u se-
rumu u sklopu dijagnostike pojedinih malignih bolesti, kao i
diskrepancu izme|u nalaza serumskih lakih lanaca i elektro-
foreze serumskih proteina. U studiju je uklju~en 31 pacijent
(`=19, m=12). Ve}ina ovih pacijenata obolela je od neke
od malignih bolesti krvi. Rezultati pokazuju da kod 6 pacije-
nata sa urednim vrednostima gama i beta frakcije elektro-
foreze serumskih proteina postoje abnormalne vrednosti
serumskih lakih lanaca i/ili abnormalni k/l odnos. Ovaj
odnos bio je poreme}en kod 20 pacijenata, dok je kod 21
pacijenta bio pove}an nivo ili k ili l slobodnog lakog lanca
ili oba istovremeno. Dobijeni rezultati ukazuju na zna~ajnu
ulogu odre|ivanja serumskih koncentracija slobodnih lakih
lanaca imunoglobulina u dijagnostici monoklonskih gamap-
atija. 
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chain, heavy chain pair combine to form an antigen-
binding site. FLCs are incorporated into immunoglo-
bulin molecules during B lymphocyte development
and expressed initially on the surface of immature B-
cells. Production of FLCs occurs throughout the rest
of B-cells development and in plasma cells, where
secretion is highest (3).

Production of FLCs in normal individuals is
approximately 500 mg/day from bone marrow and
lymph node cells (4). Immunoglobulin light chains
and heavy chains are combined together during the
synthesis of immunoglobulins; however, more light
chains than heavy chains are produced. Thus, light
chains that are not bound to intact immunoglobulins
can be detected as circulating FLCs under physiolog-
ical conditions (5). There are twice as many k pro-
ducing plasma cells as l. Kappa FLCs are normally
monomeric, while l FLCs tend to be dimeric. 

Under ordinary circumstances, little protein
escapes to the urine, and serum FLCs concentrations
have to increase manyfold before the absorption
mechanisms are overwhelmed and before urine con-
tains significant amounts of FLCs (6). In normal indi-
viduals, 1–10 mg of FLCs is excreted per day into the
urine. Production rates of k are twice those of l, but
k FLCs monomers are cleared three times faster than
dimeric l molecules (7). This faster removal ensures
that actual serum concentrations of k are approxi-
mately 50% lower than of l. In normal individuals,
serum FLCs are cleared rapidly through the renal
glomeruli with a serum half-life of 2–6 h and are then
metabolized in the proximal tubules of the nephrons
(8). In contrast, IgG has a half-life of 21 days. Re-
moval may be prolonged to 2–3 days in multiple
myeloma patients in cases of complete renal failure
(9), when serum levels of FLCs rise rapidly, but urine
excretion falls (10). Consequently, the levels of serum
and urine FLCs diverge during the later stage of dis-
ease.

A new automated immunoassay now allows for
sensitive and specific FLC assessment using antibod-
ies directed against the »hidden« epitopes of FLC
molecules, located at the interface between the light
and heavy chains of intact immunoglobulins (11). To
date, this assay has essentially been used to assess
the excess of one light chain over another, using k/l
ratio as a surrogate for clonal expansion. Thus,
assessment of quantitative FLC levels already repre-
sents a diagnostic test in the routine monitoring of
monoclonal gammopathy: non-secretory myeloma
(12), light-chain myeloma (6), primary amyloidosis
(13) and monoclonal gammopathy of undetermined
significance (MGUS) (14). Other indications include:
a. rapid assessment of treatment responses, b. mon-
itoring MM patients in renal failure undergoing hae-
modialysis (15), c. monitoring the patients that can-
not be assessed by electrophoresis tests. Serum pro-
tein electrophoresis (SPE) is the standard screening

method for multiple myeloma, but sensitivity of SPE
for FLC detection is between 500 mg/L and 2 g/L
(2). As a general rule, intact immunoglobulin mono-
clonal proteins can be identified using SPE, while
monoclonal light chain diseases should be identified
using serum FLC assay. 

Serum FLCs in combination with SPE and se-
rum immunofixation electrophoresis identified >99%
of patients with monoclonal gammopathies. Patients’
results are separated into different categories de-
pending upon several factors: whether the clone is k
or l, the presence of renal failure or polyclonal hy-
pergammaglobulinaemia and the degree of bone
marrow impairment from the growing tumour or
from drug therapy.

The rules for the interpretation of serum free light
chain results are as follows (3):

A. Normal values – serum levels of k, l and k/l
ratio are all within the normal ranges. In combination
with normal SPE, it is most unlikely that the patient
has a monoclonal gammopathy.

B. Abnormal k/l ratio – supports the diagnosis
of monoclonal gammopathy and requires a tissue
biopsy. Borderline elevated k/l ratios occur with renal
impairment and may require appropriate renal func-
tion tests.

C. Low concentrations of k, l or both – indicate
bone marrow function impairment.

D. Elevated concentrations of both k and l with
abnormal k/l ratio – may be due to renal impairment
(common) or overproduction of polyclonal FLCs
caused by inflammatory conditions (common) or bi-
clonal gammopathies of different FLC types (rare).

E. Elevated concentrations of both k and l with
an abnormal k/l ratio – suggest a combination of
monoclonal gammopathy and renal impairment.       

The aim of the present study was to evaluate the
value of serum free light chains determination in the
diagnosis of monoclonal gammopathies.

Material and Methods

In this cross-sectional study, thirty one patients
(19 females and 12 males) were studied. The struc-
ture of patients is shown in Table I.

Serum FLCs and SPE were recorded in all pa-
tients. Serum FLCs levels were measured using a la-
tex-enhanced immunoassay (Freelite, UK) on an Olym-
pus AU400 turbidimetry analyzer. The immunoassay
consisted of two separate measurements, one to de-
tect free k (normal range: 3.3–19.4 mg/L) and the
other to detect free l (normal range: 5.7–26.3 mg/L).
A ratio of k/l <0.26 or >1.65 is abnormal. Serum
protein electrophoresis were determined using an
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Olympus HITE system (zone electrophoresis). This
system performs separation of proteins on the cellu-
lose acetate underlying membrane. Olympus HITE
system automatically calculates distribution of protein
groups and results are expressed as relative units (%).

Results

Figure 1 represents the structure of patients,
concerning the serum values of k and l free light
chains.

In the group with an abnormal k/l ratio, two
patients had regular values of both light chains, two
had low values of one light chain, and one of them
had increased values of both light chains. The rest of
the patients (n=15) had increased values of one light

chain. In the group of patients with high values of one
or both FLCs, concentrations ranged from 31.93
mg/L to 3275.6 mg/L. The values of k ratio ranged
from 0.002 to 1136. 

In the group of patients with high concentrations
of one of FLCs, we can see that 6 of them had neither
increasing gamma nor beta fractions of SPE. The val-
ues of k or l chains in these patients were from 39.57
to 2703.8 mg/L. In one patient with high values of
both FLCs there were no changes in these two frac-
tions of SPE. Among the rest of 14 patients with high
values of k and/or l, the increasing of gamma or beta
fractions of SPE was noticed.

Discussion

Plasma cell dyscrasias are characterized by
expansion of a single clone of immunoglobulin-pro-
ducing plasma cells and a resultant increase in serum
levels of a single monoclonal immunoglobulin or its
fragments. Multiple myeloma is by far the most fre-
quent of the malignant plasma cell dyscrasias, account-
ing for 1% of all cancers and 10% of all hematologic
malignancies in whites (16). One of the characteristics
of multiple myeloma is the unregulated production of
a monoclonal antibody referred to as the M protein
because it is detected as an M spike on SPE. Usually,
this M component is in the gamma region, rarely in
the b2 region of the SPE. In most cases, the M protein
is either IgG (60%) or IgA (20–25%) (17). In the
remaining 15% to 20% of cases, the plasma cells pro-
duce only Bence Jones proteins, abnormal proteins
that consist of light chains of the immunoglobulin mol-
ecule. Persons with this form of disease (light chain
disease) have Bence Jones proteins in their serum, but
lack the M component. In our study, we met such find-
ings in some patients, who had high serum concen-
trations of k or l, and lacked the M component. Con-
centrations of k or l in these patients ranged from
39.57 to even 2703.8 mg/L. However, up to 80% of
myeloma cells produce both complete immunoglobu-
lins and excess light chains; therefore, both M proteins
and Bence Jones proteins are present (16). In this
study, as was expected, we found such patients. M
component can be found in other neoplastic and non-
-neoplastic diseases: chronic lymphocytic leukemia
(CLL), B or T-cells lymphoma, chronic granulocyte
leukemia, colon cancer, autoimmune diseases, cirrho-
sis, parasitic diseases, sarcoidosis. 

When there is increased polyclonal immunoglo-
bulin production and/or renal impairment, both k
and l FLC concentrations can increase 10- to 20-
fold. However, the relative concentration of k to l,
i.e., the k/l ratio, remains unchanged. In our study
we found one patient with advanced chronic renal
failure. Kappa and l concentrations were increased
many-fold (k: 238.9 mg/L and l: 186.8 mg/L), but
k/l ratio was normal: 1.27. Reduced clearance of

Table I Established diagnosis of patients.

Disease Number

Multiple myeloma 10

Chronic lymphocytic leukaemia 4

Non-Hodgkin lymphoma 4

Plasmocytic leukaemia 1

M. Hodgkin 2

Mycosis fungoides 1

Myelofibrosis 1

Splenomegalia 1

Asplenia 1

Autoimmune haemolytic anemia 1

Chronic renal failure 2

IgA deficit 2

IgG deficit 1

Vasculitis 1

Oligoarthritis 1

Figure 1 FLCs – free light chains of immunoglobulins.
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FLCs that is a result of impaired renal glomerular fil-
tration is a frequent finding, and can be seen even in
apparently healthy, elderly individuals who may have
normal serum creatinine concentrations but elevated
polyclonal serum FLCs from slight renal damage.
This is associated with an increase in the median k/l
ratio  in older people (3). The change in k/l ratio with
increasing renal impairment is of clinical relevance
when interpreting borderline results. Patients might
be misclassified as having minor k monoclonal gam-
mopathies because of slightly increased k/l ratios,
when, in fact, they have renal impairment. Cystatin C
concentrations have very high correlation with FLC
levels (11). It is likely that many patients with chronic
inflammatory diseases and associated renal impair-
ment will be found to have very high concentrations
of polyclonal serum FLCs, but with normal k/l ratio.
The clinical consequences of elevated serum FLCs in
renal impairment are unclear. Data have suggested
that the elevated FLCs lead to reductions in immune
functions and should therefore be classified as
uraemic toxins (18). 

Tumors produce a monoclonal excess of only
one of the light chains, often with bone marrow sup-
pression of the other light chain, so that k/l ratios
become highly abnormal. Accurate measurement of
k/l ratios underpins the utility of the serum FLC
immunoassays and provides a numerical indicator of
clonality (11, 26). The k/l ratio is the most important
factor when distinguishing monoclonal from poly-
clonal increases in FLCs. In our patients k/l ratios
were abnormal in 20 patients, even in patients with
normal concentrations of k and l. This ratio ranged
from 0.002 to 1136, depending on the type of FLC
disturbance, and in patients with very high levels of
one of FLCs the other was usually low. We found one
patient with normal k level and low l level with abnor-
mal k/l ratio. That finding can suggest monoclonal
gammopathy with bone marrow suppression (3).

Measurement of serum FLCs can be used in
other malignancies with monoclonal proteins: to de-
tect and monitor most patients with solitary plasma-
cytomas of the bone (19); it may be helpful in man-
aging some of solitary plasmocytoma patients; it may
be helpful in Waldenstrom's macroglobulinaemia:
when IgM measurements are inaccurate, or to iden-
tify patients at risk of renal failure and as additional
criteria for treatment response or disease relapse (3);
in Non-Hodgkin lymphoma (NHL) and chronic lym-
phocytic leukaemia (CLL) patients serum FLCs may
enable early diagnosis, and serve as a biomarker of
residual disease – particularly important for NHL, be-

cause most patients with NHL have no circulating
malignant cells, unlike CLL, where a small number of
circulating leukemic cells often exists that can be
identified using sensitive flow cytometry techniques
(20). In our study, some of the patients with lympho-
proliferative diseases had normal and some had ab-
normal concentrations of FLCs (the highest concen-
tration of k or l was 194.3 mg/L). 

Increased serum level of FLCs (polyclonal) is
associated with a generalized increase (non-malig-
nant) in B-cell activation. The interest in B cell activa-
tion markers has undergone a renaissance over the
past few years, given the pivotal role of B cells in the
pathogenesis of autoimmune diseases (21). Many
rheumatic diseases feature polyclonal B-cell activa-
tion, high concentration of autoimmune antibodies
and polyclonal elevations of serum immunoglobulins.
Excess polyclonal FLCs have been detected in the
urine of these patients, and their measurement may
be useful for assessing disease activity. In fact, serum
analysis of FLCs in such patients would be more reli-
able. This may be particularly applicable to patients
with systemic lupus erythematosus (SLE) (22). Hoff-
man et al. (23) found high FLC concentrations in
rheumatoid arthritis, Sjögren's syndrome – patients
with increased FLC levels had considerably higher dis-
ease activity in rheumatoid arthritis and higher fre-
quency of extraglandular involvement in primary Sjö-
gren's syndrome (5), vasculitis and systemic sclerosis.
There are studies of serum FLCs in other acute or
chronic inflammatory diseases (24), and a recent stu-
dy of a few patients with acute pneumonia, where po-
lyclonal serum FLCs were elevated. In our study, one
patient had a combination of oligoarthritis and IgA
deficit. Concentrations of k and l were slightly above
the reference interval, but with normal k/l ratio. 

Diabetic patients have significant FLC abnor-
malities in serum and urine that may be involved in
the pathogenesis of diabetic nephropathy. Increased
urine FLCs may be a marker of early diabetic nephro-
pathy. FLCs are also raised in the cerebrospinal fluid
(CSF) of patients with multiple sclerosis. Fisher et al.
concluded that CSF k FLC measurements may be a
useful diagnostic procedure for detecting, and poten-
tially monitoring, intrathecal immunoglobulin synthe-
sis (25).

In conclusion, determination of FLCs plays an
important role in the diagnostics of monoclonal gam-
mopathies tests, but, in accordance with the literature
data and the results of this investigation, this test may
aid in the diagnosis of some other diseases: lympho-
proliferative diseases, SLE, multiple sclerosis, etc. 



References

1. Bradwell AR. Serum free light chain measurements
move to center stage. Clin Chem 2005; 51: 805–7.

2. Bradwell AR, Carr-Smith HD, Mead GP, Tang LX,
Showell PJ, Drayson MT, et al. Highly sensitive auto-
mated immunoassay for immunoglobulin free light
chains in serum and urine. Clin Chem 2001; 47:
673–80.

3. Bradwell AR, editor. Serum free light chain analysis,
4th ed. Birmingham: The Binding Site Ltd., 2006:
285.

4. Solomon A. Light chains of human immunoglobulins.
Meth Enzymol 1985; 116: 101–21.

5. Gottenberg J-E, Aucouturier F, Goetz J, Sordet C, Jahn
I, Busson M, et al. Serum immunoglobulin free light
chain assessment in rheumatoid arthritis and primary
Sjögren's syndrome. Ann Rheum Dis 2007; 66: 23–7.

6. Bradwell AR, Carr-Smith HD, Mead GP, Harvey TC,
Drayson MT. Serum test for assessment of patients with
Bence Jones myeloma. Lancet 2003; 361: 489–91.

7. Arfos K-E, Rutlil G, Svensjo E. Microvascular transport
of macro-molecules in normal and inflammatory con-
ditions. Acta Physiol Scand 1979; 463: Suppl:
93–103.

8. Russo L, Bakris GL, Comper WD. Renal handling of
albumin: A critical review of basic concepts and per-
spective. Am J Kidney Dis 2002; 39: 899–919.

9. Waldmann TA, Strober WS, Moigielnicki RP. The renal
handling of low molecular weight proteins II. Disorders
of serum protein catabolism in patients with tubular
proteinuria, the nephrotic syndrome or uremia. J Clin
Invest 1972; 51: 2162–74.

10. Nowrousian MR, Brandhorst D, Sammet C, Kellert M,
Daniels R, Schuett P, et al. Serum free light chain analy-
sis and urine immunofixation electrophoresis in
patients with multiple myeloma. Clin Cancer Res 2005;
11: 8706–14.

11. Katzmann JA, Clark RJ, Abraham RS, Bryant S, Lymp
JF, Bradwell AR, et al. Serum reference intervals and di-
agnostic ranges for free kappa and free lambda immu-
noglobulin light chains: relative sensitivity for detection
of monoclonal light chains. Clin Chem 2002; 48:
1437–44.

12. Drayson M, Tang LX, Drew R, Mead GP, Carr-Smith H,
Bradwell AR. Serum free light-chain measurements for
identifying and monitoring patients with nonsecretory
multiple myeloma. Blood 2001; 97: 2900–2.

13. Abraham RS, Katzmann JA, Clark RJ, Bradwell AR,
Kyle RA, Gertz MA. Quantitative analysis of serum free
light chains. A new marker for the diagnostic evaluation
of primary systemic amyloidosis. Am J Clin Pathol
2003; 119: 274–8.

14. Rajkumar SV, Kyle RA, Therneau TM, Melton LJ III,
Bradwell AR, Clark RJ, et al. Serum free light chain
ratio is an independent risk factor for progression in
monoclonal gammopathy of undetermined signifi-
cance. Blood 2005; 106: 812–7.

15. Hutchison CA, Cockwell P, Reid S, Chandler K, Mead
GP, Harrison J, et al. Efficient removal of immunoglo-
bulin free light chains by haemodialysis for multiple
myeloma: In vitro and in vivo studies. J Am Soc
Nephrol 2007; 18: 886–95.

16. Porth CM. Essential of pathophysiology: concepts of
altered health states, 2nd ed. Philadelphia: Lippincott,
Williams&Wilkins, 2007: 1147.

17. Glass DA, Patel MS, Karsenty G. A new insight into the
formation of osteolytic lesions in multiple myeloma. N
Engl J Med 2003; 349: 2479–81.

18. Cohen G, Rudnicki M, Horl WH. Uraemic toxins mo-
dulate the spontaneous apoptotic cell death and essen-
tial function of neutrophils. Kidney Int 2001;59: Suppl
78: 48–52.

19. Dingli D, Kyle RA, Rajkumar VS, Nowakowski GS,
Larson DR, Bida JP, et al. Immunoglobulin free light
chains at diagnosis: predictors of progression and sur-
vival in solitary plasmocytoma of bone. Blood 2005;
106: 5080.

20. Martin W, Abraham R, Shanafelt T, Clark RJ, Bone N,
Geyer SM, et al. Serum free light chain – a new bio-
marker for patients with B-cell non-Hodgkin lymphoma
and chronic lymphocytic leukemia. Transl Res 2007;
149: 231–5.

21. Looney RJ, Anolik J, Sanz I. B cells as therapeutic tar-
gets for rheumatic diseases. Curr Opin Rheumatol
2004; 16: 180–5.

22. Hopper JE, Golbus J, Meyer C, Ferre GA. Urine free
light chain in SLE: Clonal markers of B-cell activity and
potential link to in vivo secreted IG. J Clin Immunol
2000; 20: 123–37.

23. Hoffman U, Opperman M, Kuchler S, Ventur Y, Teuber
W, Michels H, et al. Free immunoglobulin light chains
in patients with rheumatic diseases. Z Rheumatol
2003; 62: Suppl 1: 1051.

24. Sölling K, Sölling J, Romer FK. Free light chains of
immunoglobulin in serum from patients with rheuma-
toid arthritis, sarcoidosis, chronic infections and pulmo-
nary cancer. Acta Medica Scand 1981; 209: 473–7.

25. Fischer C, Arneth B, Koehler J, Lotz J, Lackner K.
Kappa free light-chains in cerebrospinal fluid as mark-
ers of intrathecal immunoglobulin synthesis. Clin Chem
2004; 50: 1809–13.

26. Dajak M. Recommendations for use of tumor markers
in monoclonal gammopathies. JMB 2007; 26:
165–72.

JMB 2007; 26 (4) 273

Received: September 10, 2007

Accepted: October 18, 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [612.000 792.000]
>> setpagedevice


